Supplements to the Journal of Managed Care Pharmacy are intended to support medical education and research in areas of clinical practice, health care quality improvement, or efficient administration and delivery of health benefits. The following standards are applied to all JMCP supplements to assure quality and assist readers in evaluating potential bias and determining alternate explanations for findings and results. 1. Disclose the principal sources of funding in a manner that permits easy recognition by the reader. 2. Disclose the existence of all potential conflicts of interest among supplement contributors, including financial or personal bias. 3. Describe all drugs by generic name unless the use of the brand name is necessary to reduce the opportunity for confusion among readers. 4 . Strive to report subjects of current interest to managed care pharmacists and other managed care professionals. 5 . Seek and publish content that does not duplicate content in the Journal of Managed Care Pharmacy. 6 . Subject all supplements to expert peer review. nn Part 1. Overview of Chronic Kidney Disease Public Health and Economic Effects Chronic kidney disease (CKD) is a progressive condition marked by deteriorating kidney function over time. Typically, kidney function is quantified by glomerular filtration rate (GFR), with GFR most frequently estimated using equations that incorporate serum creatinine along with demographic data. 1 The early stages of CKD (stages 1 and 2) are manifested by kidney damage and are generally asymptomatic; the kidney functions normally but the risk for progressive disease is significant. As kidney disease worsens, kidney function begins to deteriorate (stages 3 and 4 CKD). Eventually, kidney failure (stage 5 CKD) ensues and kidney replacement therapy is required. 2 Currently, most people with CKD do not reach kidney failure; rather, they often die prematurely of cardiovascular disease. Therefore, therapeutic goals for CKD include (1) prevention of premature death in earlier stages; (2) prevention of progression to kidney failure and dialysis while maintaining quality of life; and (3) preparation for kidney replacement therapy if it becomes necessary.
In the United States, there is a rising incidence and prevalence of all stages of kidney disease, including kidney failure. Nearly 8 million people (4% of the adult U.S. population) have moderate or severe CKD, and another 450,000 have end-stage renal disease (ESRD). 3 These numbers are expected to increase as the population ages and the prevalence of diabetes and hypertension rises, with the ESRD population projected to reach at least 600,000 by 2015. 4 Major outcomes of CKD include progression to kidney failure and the complications of decreased kidney function, including cardiovascular disease, anemia, and bone disease. Fortunately, interventions are available to reduce the rate of progression of kidney disease and treat the associated complications; but unfortunately, people with CKD are an underdiagnosed and undertreated population.
Progression of kidney disease to ESRD can be slowed if kidney disease is recognized and treated in its earlier stages. Socioeconomic benefits of early CKD identification are potentially enormous because kidney failure is accompanied by poor outcomes and much higher financial costs than those for earlier stages of CKD. In 2003, ESRD care cost Medicare and private insurers more than $27 billion and accounted for more than 15% of Medicare expenditures ( Figure 1 ), with direct medical costs per individual approaching $60,000 annually and the highest costs occurring in the months around dialysis initiation.
5
Although Medicare assumes the majority of the financial burden of chronic ESRD care, private insurers spent more than $9 billion for ESRD care in 2003. These payments by private insurers are particularly noticable during the initiation period of dialysis since Medicare coverage does not begin until a Medicare-eligible individual who is younger than 65 years has been classified as ESRD for 3 months. For people with private insurance as the primary payer, costs do not shift more fully to Medicare until 33 months have elapsed. Importantly, a recent economic study analyzed the potential cost benefit of delaying CKD progression to ESRD and concluded that if the rate of GFR decline were decreased by only 10% for individuals with GFR <60 mL/min/1.73m 2 , the 10-year savings could approach $18 billion to $20 billion. 6 This article reviews the definition and diagnosis of CKD and focuses on chronic medical care for people with CKD. Particular attention is paid to the pathophysiology and prevention of cardiovascular disease and anemia in people with stages 3 and 4 CKD.
Definition and Prevalence of CKD
To address lack of awareness of CKD among patients and physicians and to improve the quality of CKD care, the National Kidney Foundation (NKF) commissioned the Kidney Disease Outcomes Quality Initiative (KDOQI), and in 2002, clinical guidelines for the evaluation, classification, and stratification of CKD were published. 2 These guidelines incorporate clinical data and expert opinion to generate treatment recommendations. The guidelines define CKD as either kidney damage or decreased kidney function for 3 or more months. Decreased kidney function is defined by GFR below 60 mL/min/1.73m 2 , while the most common manifestation of kidney damage is the presence of protein in the urine.
The staging system for CKD is described and displayed in Table 1 , along with U.S. prevalence data and a treatment plan for each stage. Moderate CKD begins at GFR levels below 60 mL/min/1.73m 2 and approximates the time at which many of the chronic complications of CKD emerge; the nearly 8 million people with moderate CKD represent a critical treatment opportunity for maintaining quality of life. Importantly, CKD is often asymptomatic until late-stage disease has already developed, making screening of at-risk individuals imperative.
In order to identify individuals with CKD, it is important to accurately estimate GFR. Current clinical standards recommend use of equations that use serum creatinine as well as demographic factors to estimate GFR. 2 The most commonly used estimating equation is the Modification of Diet in Renal Disease Study equation, which accounts for an individual' s age, race, and sex in addition to serum creatinine to estimate GFR. Because serum creatinine levels are influenced by muscle mass and nutrition, dependence on serum creatinine alone can be deceiving, with identical serum creatinine levels representing normal kidney function in some people but significant kidney dysfunction in others. For this reason, the NKF has recommended that clinical laboratories report estimated GFR in addition to serum creatinine.
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Etiology of and Risk Factors for CKD
Major risk factors for development and progression of CKD include diabetes, hypertension, older age, and being African American. Nearly 45% of incident kidney failure is attributed to diabetes and another 20% is attributed to chronic hypertension. 5 Other less common but important causes include primary glomerulonephritis, lupus, and polycystic kidney disease. More than 10 million Americans are diabetic and 40 to 50 million American adults have hypertension, constituting an enormous at-risk population for kidney disease. Notably, diabetes and hypertension are also important risk factors for cardiovascular disease and, to some extent, influence the high incidence of cardiovascular disease in the CKD population. kidney function (stage 3 CKD) reported ever being told that they had "weak or failing kidneys." 7 In particular, older women were more often unaware of their kidney disease, likely reflecting the fact that normal-appearing levels of serum creatinine can be consistent with significantly impaired kidney function. 8 This finding highlights the importance of using GFR estimating equations that incorporate age and sex as variables, particularly because the lack of awareness of CKD also extends to health care professionals, as demonstrated by infrequent testing for CKD in at-risk individuals. 9 Additionally, patients with CKD often may be undertreated. For example, in a recent study of patients with acute myocardial infarction, patients with CKD were far less likely to receive reperfusion therapy at admission and beta-blocking agents and aspirin at hospital discharge. 10 Other studies have shown inadequate blood pressure control in CKD patients despite the fact that reducing systolic blood pressure is one of the tenets of preventing CKD progression. 11, 12 Lack of awareness of CKD also results in late referral to a nephrologist for specialty care, with consequences that include inadequate control of comorbid conditions and incomplete preparation for kidney replacement therapy; in particular, reliance on catheters for dialysis initiation. 13, 14 Initiatives to Improve CKD Management In light of the high societal burden of CKD and the lack of recognition of CKD and its complications, several public health initiatives have been launched to improve awareness of CKD, with NKF and the National Institutes of Health (NIH) assuming major roles. These include the KDOQI guidelines, which may be viewed at http://www.kidney.org/professionals/kdoqi/guidelines. cfm. The NKF and the international nephrology community are collaborating on the global Kidney Disease Improving Global Outcomes initiative. Additionally, NKF sponsors the national Kidney Early Evaluation Program, which provides community screening for kidney disease by medical professionals. NIH, through the National Kidney Disease Education Program, has undertaken initiatives to develop national standards for accuracy and equivalency in serum creatinine measurements, to improve and refine GFR estimating equations, and to educate patients and providers on CKD.
Awareness of CKD
nn Part 2. Sequelae of Chronic Kidney Disease
Essential to treating patients with CKD is recognizing and managing the sequelae of progressive kidney failure. This process begins with the recognition of CKD as described above, and as described in the action plan for CKD, continues with CKD stage-specific assessment of modifiable risk factors. 2 At the onset of stage 3 CKD (GFR <60 mL/min/1.73 m 2 ), many of these complications may begin to develop. Major sequelae of CKD include (1) continued progression of CKD and development of kidney failure requiring kidney replacement therapy, (2) development and/or progression of cardiovascular disease, (3) anemia, and (4) bone disease. The remainder of this article will focus on progression of CKD, cardiovascular disease, and anemia, emphasizing sequelae with potential therapeutic options. Although the pathophysiology, diagnosis, and management of the mineral and bone disorders of CKD are of considerable importance, the complexity of evidence within this topic renders it a subject that requires more discussion than can be provided in this article. 
Progression of CKD
Causes and Consequences of Chronic Kidney Disease: Implications for Managed Health Care
premature death is a far more common result of CKD than is kidney failure, with both cardiovascular and noncardiovascular mortality rates increasing as kidney function declines. 15 However, treatment of CKD can reduce the rate of kidney function decline from as much as 10 mL/min/1.73m 2 per year in untreated diabetic nephropathy to 2 to 4 mL/min/1.73m 2 per year, with dramatic effects on patient outcomes, including decreased ESRD and mortality rates (Figure 2 ). 16 Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers are proven to slow the rate of progression of kidney disease and may reduce the societal costs associated with kidney disease. [17] [18] [19] [20] [21] [22] These medications are particularly effective in individuals with proteinuric kidney disease; important kidney diseases with proteinuria include diabetes mellitus, primary glomerular diseases, and most cases of hypertensive nephropathy. Beyond blockade of the reninangiotensin-aldosterone system and blood pressure control, other factors shown to reduce progression of kidney disease include intensive hyperglycemia management and smoking cessation. [23] [24] [25] Early management of anemia as well as use of HMG CoA reductase inhibitors (statins) may also reduce progression. 26, 27 These are discussed in more detail below.
Cardiovascular Disease
Pathogenesis and Epidemiology
Much of the increased burden of chronic disease in CKD is due to increased prevalence of both traditional and nontraditional cardiovascular disease risk factors. Traditional risk factors are those factors identified in the Framingham Heart Study as conferring increased risk of cardiovascular disease in the general population. These traditional risk factors include older age, diabetes, and hypertension, all of which are highly prevalent in patients with CKD. Nontraditional risk factors are defined as those factors that increase in prevalence as kidney function declines and that have been hypothesized to be cardiovascular disease risk factors in patients with CKD. These include anemia, inflammation, and abnormal calcium and phosphate metabolism ( Table 2) . 28 Most cardiovascular disease risk factors lead to atherosclerosis, arteriosclerosis, cardiomyopathy, or any combination of these conditions. Atherosclerosis, defined as an occlusive disease of the vasculature due to the deposition of lipid-laden plaques, and arteriosclerosis, defined as nonocclusive remodeling of the vasculature accompanied by a loss of arterial elasticity, may manifest as ischemic heart disease and heart failure. Certain risk factors, including dyslipidemia, primarily predispose an individual to development and progression of atherosclerosis, while others, including volume overload and elevated calciumphosphorus product, may predispose one to arteriosclerosis. Still other risk factors, including anemia, may predispose an individual to cardiac remodeling and left ventricular hypertrophy (LVH). Essential to the understanding of cardiovascular disease in CKD is an understanding of the interplay of these various risk factors in patients with kidney disease, and these are discussed in more detail below.
CKD is an important risk factor for cardiovascular disease. Notably, far more patients with CKD die of cardiovascular disease than of kidney failure. The situation does not improve in patients on dialysis, where mortality due to cardiovascular disease is 10 to 30 times higher in dialysis patients than in agematched individuals in the general population (Figure 3) . 28, 29 Similarly, people with earlier-stage CKD have a higher prevalence of cardiovascular disease risk factors than do those without CKD and have higher cardiovascular disease event rates ( Figure  4) . [30] [31] [32] [33] Therefore, both NKF and the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure in the most recent hypertension guidelines have classified CKD as a cardiovascular disease risk equivalent.
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The impact of this recommendation is uncertain. 35, 36 Several studies have demonstrated that in patients with cardiovascular disease or at high risk for cardiovascular disease, the presence of CKD is an independent risk factor for future cardiovascular disease outcomes. 31, 32, [37] [38] [39] [40] [41] This has also been demonstrated in lower-risk community-based cohorts, albeit less consistently. 33, 42 The enhanced risk for cardiovascular disease outcomes is likely multifactorial and related to both traditional and nontraditional cardiovascular disease risk factors. It is likely that the interplay between CKD and cardiovascular disease risk factors, including diabetes, hypertension, anemia, 16 CKD*   TABLE 2 and inflammation, leads to enhanced cardiovascular risk. This hypothesis, dubbed the "cardiorenal syndrome," attempts to explain the increased risk of cardiac outcomes in patients with CKD. 43 Other possibilities are that CKD may be a marker of the duration and severity of known risk factors (e.g., diabetes, hypertension), and CKD may identify individuals with undiagnosed vascular disease. 44 Finally, patients with CKD may not receive sufficient therapy for their disease, including medications such as aspirin, beta-blockers, and ACEIs, as well as diagnostic and therapeutic procedures.
Conceptual Illustration Depicting the Effects of Varying Progression Rates in Chronic Kidney Disease
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Treatment
Attempts to modify cardiovascular risk once an individual has reached dialysis have been discouraging. The largest study to date in dialysis patients, the 4D trial, randomized diabetic hemodialysis patients to lipid-lowering therapy with atorvastatin versus placebo. While all adequately powered trials in the general population have shown a survival benefit to statin use in high-risk cardiovascular disease populations, the 4D trial demonstrated no benefit to statin therapy for hemodialysis patients. 45 Although 2 other randomized controlled trials are examining lipidlowering in earlier stages of CKD, 46, 47 post hoc studies that have analyzed lipid-lowering therapy in patients with CKD enrolled in larger cardiovascular trials and smaller CKD studies have generally shown a significant benefit to these therapies. [48] [49] [50] [51] Until results of further randomized trials are available, these data suggest that intervention needs to be focused on the earlier-stage CKD population, with initiation well before an individual requires dialysis.
Anemia
Pathogenesis and Epidemiology
The kidneys are the primary source of erythropoietin in adults. A drop in blood oxygen levels detected within the kidney stimulates the release of erythropoietin. In normal physiology, erythropoietin stimulates red blood cell production, and oxygencarrying capacity of blood returns toward normal. However, as kidney disease progresses, the production of erythropoietin declines and the body is less able to maintain a normal red blood cell count. In fact, anemia can develop relatively early in CKD, with significant declines in hemoglobin seen at estimated creatinine clearances (similar to eGFR) below 70 mL/ min in men and below 50 mL/min in women. In the United States, it is estimated that 1.2 million women and 390,000 men have hemoglobin below 12 g/dL associated with CKD. 52 Most commonly, anemia is corrected with administration of recombinant erythropoietin. However, despite the widespread availability of recombinant erythropoietin, predialysis anemia therapy likely remains inadequate. 53 In 2003, incident hemodialysis patients had mean hemoglobin of 9.5 g/dL-well below the current KDOQI recommended minimum level of 11 g/dL ( Figure 5 )-and only one third of incident hemodialysis patients were receiving erythropoietin therapy at dialysis initiation. 5, 54 This may be related to insufficient education and predialysis testing because less than half of Medicare patients with CKD have anemia testing that includes iron studies within 2 years of initiating chronic dialysis. 55 Importantly, to date, no randomized controlled trials have demonstrated any benefit on cardiovascular or mortality outcomes associated with targeting hemoglobin levels >11-12 g/dL in patients with CKD, including those on dialysis.
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Sequelae of Anemia
Anemia can have multiple effects in individuals with CKD. Anemia has been associated with reduced quality of life, and higher hemoglobin levels are an important predictor of improved quality of life in individuals with stage 4 CKD. 59 In dialysis patients, higher hematocrit has also been associated with improved cognitive functioning; notably, this has not been studied in the predialysis CKD population. 60 Anemia is classified as a nontraditional risk factor for cardiovascular disease, meaning that it may be associated with cardiovascular disease and becomes more prominent as CKD progresses. This may be due to the relationship between anemia and cardiac remodeling. Volume overload may occur when blood volume increases to compensate for decreased oxygen-carrying capacity, as seen with anemia. Chronic volume overload will cause the heart to remodel, as the left ventricle hypertrophies in order to increase cardiac output. 61, 62 As the ventricle grows, it requires an increased blood supply to feed its greater needs; however, this increase often may not occur due to underlying illness, with the result of decreased subendocardial perfusion. This condition may cause inadequate oxygen supply, resulting in myocardial fibrosis and myocyte death. The end-point of this cycle can be dilated cardiomyopathy and overt heart failure. 63 Accordingly, a study by Levin et al. identified LVH in 25% to 45% of patients with CKD, with higher prevalence as kidney function worsened. They also found an independent association between reduced hemoglobin and LVH. 64 Observational studies have demonstrated interesting associations between anemia, CKD, and adverse events. One study found a synergistic relationship between anemia and LVH in patients with predominantly stage 3 CKD, such that they were at markedly increased risk of cardiac events and death. 65 Other studies have found that anemia is a significant risk factor for stroke, cardiac events, and mortality in patients with CKD and, in particular, in patients with diabetic kidney disease. [66] [67] [68] [69] [70] Inadequate anemia management in patients with CKD may be associated with higher health care costs. While patients with CKD on erythropoietin therapy had slightly higher costs in the 2 years before dialysis initiation, those who were not on erythropoietin had a dramatic spike in costs around the time of dialysis initiation that exceeded the cost of early erythropoietin therapy. 71 Whether this spike is related to erythropoietin itself or reflects the overall quality of predialysis care is uncertain.
Treatment
The 2006 guidelines from NKF recommend maintaining hemoglobin levels >11 g/dL but not to exceed 13 g/dL, with use of recombinant erythropoietin and iron as needed. 54 It is likely that future updates to these guidelines will recommend an upper limit for target hemoglobin levels, perhaps in the range of 12.0-12.5 g/dL; however, an upper limit remains a controversial issue as there is considerable fluctuation in hemoglobin levels despite stable maintenance doses of recombinant erythropoietin and iron, making guidelines that limit hemoglobin levels to a tight range (e.g., 11-12 g/dL) extremely difficult to consistently achieve. 72 The clinical practice guidelines further recommend an annual assessment for anemia, at minimum, in CKD (non-ESRD) patients. Notably, in patients with both CKD and anemia, measurement of erythropoietin levels are not routinely useful in distinguishing erythropoietin deficiency from other causes of anemia in clinical settings and therefore are not recommended. 54 Currently available erythropoiesis-stimulating agents in the United States include Epoetin alfa and darbepoetin alfa.
Adequate iron stores are essential for erythropoiesis, and the clinical practice guidelines also stress measurement of ferritin and transferrin saturation before initiation of erythropoiesisstimulating agents. 54 While there is no agreed-on consensus for level of transferrin saturation that predisposes to erythropoietin resistance, ferritin levels below 25 ng/mL in men and below 12 ng/mL in women suggest that iron deficiency may contribute to anemia. Intravenous and oral iron formulations are important adjuncts to erythropoiesis-stimulating agents to address erythropoietin resistance secondary to iron deficiency. The NKF anemia guideline is primarily opinion based, and recent randomized trials have failed to demonstrate benefit associated with targeting hemoglobin levels >12 g/dL. A recent randomized trial comparing a low hemoglobin arm (goal: 9.0-10.5 g/dL) with a higher hemoglobin arm (goal: 12-14 g/dL, the treatment group) in Canadians with stage 3 to 4 CKD failed to show regression of left ventricular mass in the treatment group. However, there was significantly higher blood pressure in the treatment group during follow-up, and planned differences in hemoglobin levels between the treatment and control groups were not achieved. 73 The results of 2 randomized nonblinded studies of anemia management in CKD have recently been published. The Cardiovascular Risk Reduction by Early Anemia Treatment with Epoetin beta (CREATE) Trial compared the effects of partially corrected anemia (hemoglobin target level 10.5-11.5 g/dL) with "normalization" of hemoglobin (target level 13.0-15.0 g/dL) on cardiovascular events in 605 people with baseline estimated creatinine clearance of 15-35 mL/min. 58 Over 3 years, there was no significant difference between groups in mortality, left ventricular mass index, or number of patients progressing to dialysis. Major differences were seen in quality-of-life measures, with the higher hemoglobin group experiencing improved general health and vitality. The Correction of Anemia and Outcomes in Renal Insufficiency (CHOIR) Trial compared the effects of partially corrected anemia (hemoglobin target level 11.3 g/dL) with "normalization" of hemoglobin (target level 13.5 g/dL) on a composite outcome of all-cause mortality, myocardial infarction, heart failure hospitalization, and stroke in 1,432 people in the United States with mean estimated GFR of 27 mL/ min/1.73 m 2 . 57 Despite mean weekly doses of Epoetin alfa that exceeded 11,000 units, the high-hemoglobin arm only achieved a mean hemoglobin level of 12.6 g/dL. A small increased risk of the composite outcome was noted for the high-hemoglobin target group with no quality of life benefit seen with higher hemoglobin targets.
Cardiovascular Mortality in Dialysis and the General Population
Taken in sum, these studies generally do not support attempts to persistently target hemoglobin beyond the 11-12 g/dL range. Other studies of erythropoiesis-stimulating agents are ongoing. These trials are necessary to further delineate the costs and benefits of attaining this goal in people with CKD and will need to further account for the role of inflammation, iron administration, and bone marrow resistance to erythropoietin in anemia therapy in CKD.
nn Conclusions CKD is a major public health issue in the United States with considerable socioeconomic and medical significance. The incidence of CKD is expected to increase as the population ages and the prevalence of diabetes and hypertension rises, yet many people are unaware they have reduced kidney function. Earlier identification of CKD accompanied by aggressive treatment consisting of well-known therapies holds the potential to slow progression to kidney failure and prevent development of sequelae, including cardiovascular disease and premature death. Managing the comorbid conditions associated with CKD, including hypertension, diabetes, cardiovascular disease, and anemia, is essential for optimal patient management and slowing of CKD progression as well as for judicious use of health care dollars. Improving the management of patients with CKD requires education and action by all facets of the health care system, including patients, physicians, researchers, and payers.
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